Original old-growth northern forests of Iran are essential sources of genetic variation, biodiversity, commercial woody products, and various environmental services (e.g., ground water reservation, auxiliary forest products provision, wildlife habitation, and erosion control). Today, the forests are depleting ra pidly due to population growth, and associated socio-economic problems, in dustrial development, urbanism, and more recently intensive/irregular tou rism. Satellite image processing and other geo-spatial tools have been used in Iran from the early 80's to map the vegetative attributes of forests for environ mental resource monitoring. This paper aims to build up a basic assumption of when and how the spectral, spatial and temporal features of satellite-borne re mote sensing have been applied for the sustainable resource monitoring of the Caspian forests of Iran. To this end, available literature will be reviewed, spe cific features of the studies discussed in brief, and the future prospects for re mote sensing-aided delineation of structural and functional characteristics of the forests will be outlined.
Introduction
Since the launching of the first earth-obser vation satellite in 1972 (ERTS1), satellite re mote sensing has been used for gathering synoptic information on natural resources. The data have been so far used to a variety of applications for sustainable and feasible forest management. These include a wide range of applications, from creating forest area/type maps, to the recent efforts for as sessment of sophisticated physiological forest attributes using experimentallylaunched optical/radar sensors. Briefly, de tecting landscape change over time, relating landscape patterns to biological or physical phenomena, evaluating physiological pro cesses of forest canopies, and quantifying forest cover, biomass, or productivity over varying scales of spatial/spectral/temporal resolution can be listed as some of the ap plications in which satellite remote sensing has been widely used in forest ecosystems during the recent decades.
As stated by Iverson et al. (1989) , the so phistication of applications evident in recent years has been made possible by the use of more spectrally and/or spatially discrimina ting sensors; (Adl 1960 , Abbasi 2001 ) the improvement of hardware and software sys tems designed to process spatially-refe renced digital data, and the increased avai lability, standardization, and compatibility of other spatially-referenced digital datasets such as topographic variables generated from digital elevation models (DEM - Iverson et al. 1989) . There is much literature on spec tral/ spatial features of satellite-borne data related to the electromagnetic spectrum re corded for green vegetation (e.g., forests Billingsley 1984 , Greegor 1986 , Darvishse fat 1998 , Lillesand & Kiefer 2000 , Franklin 2001 , Makhdoum et al. 2004 ). According to Franklin (2001) , remote sensing has been a valuable source of information over the course of the past few decades in mapping and monitoring forest activities (Franklin 2001) . As the need for increasing quality and quantity of information for such activities becomes more apparent and remote sensing technology continues to improve. It is felt that the role of remote sensing as an infor mation source will be increasingly critical in the future.
The natural forest ecosystems in Iran in clude a broad range of climatic and geo graphical conditions. Amongst them, the ori ginal old-growth Northern forest covers of Iran (located chiefly on northern slopes of Alborz mountains) in the three provinces of Guilan, Mazandaran and Golestan (Fig. 1) are an unparalleled source of genetic va riation, biodiversity, commercial woody products and various environmental services as they are specifically situated in a region associated with specific natural, climatic and socio-economic attributes. The presence of approximately 146 native woody species, some of which are ecologically endemic (Sa gheb Talebi & Yazdiyan 2005) , the diverse range of climatic conditions over the appro ximately 900 × 70 km 2 of horizontal/vertical forest expansion, and extensive wildlife ha bitat, highlight the importance of the original northern forests of Iran (also addressed in historical literature as the Hyrcanian forests - Sabeti 1965 , Adl 1960 . The existence of dif ferent land-uses, and their increasing altera tion, mainly by local communities, misma nagement of natural resources over long periods of time, intensive and irregular tou rism and shortage of human/financial re sources for sustainable monitoring and ma nagement of the forest resources are threa tening the existence of the Caspian forests. More recently, plans for industrial develo pment (e.g., establishment of industrial towns adjacent to the forested areas), public road construction without detailed environ mental considerations, etc. have been added to the long list of activities threatening the environment of the Caspian forests.
As a matter of fact, different statistics have been presented as to the area of the Caspian forests.Amongst the reported statistics, the initial 3 600 000 ha surveyed in 1942 (Saei 1942) , 3 400 000 ha in a study carried out in 1964 (Marvi Mohadjer 2005) , and 1 920 000 ha published in 1990 (Moshtagh Kahnamuii & Rasaneh 1990 ) can be considered. The area of Hyrcaniyan Forests is 1.2% of the whole country area with 1 648 195 ha (Marvi Mohadjer 2005) . Accuracy and reli ability of the publicized data have been crit ically discussed. Notwithstanding accuracy, what is obvious and remains a fact is that the forest resources have been under continuous degradation over the last few decades.
National forest management officials have acknowledged this fact and have initiated ac tions for sustainable management of the Caspian Forests, Different forms of manage ment schemes are planned for implementa tion, such as documenting and exhibiting the forest disturbance and supervision and ma nagement of the remaining natural forest ecosystems in the region. In recent years, the focus of natural resource conservationists, researchers, and managers has shifted to the application of remote sensing imagery and geo-spatial tools for the efficient, precise and continuous documentation of vegetation bio physical attributes, such as canopy density, cover type, and cover change.
The application of satellite image pro cessing, along with other forms of geo-refe renced digital tools, for documenting vegeta tion attributes for environmental resource monitoring in Iran has a long history dating back to the 80's. Prior to that, B/W aerial photographs, acquired as two major country wide projects in the mid 50 and 60's, served as a useful monitoring tool for forest area/ type mapping. A variety of satellite remote sensing functions have been introduced, tested and proposed by environmental ana lysts, many of which have been pointed out by Iverson et al. (1989) . Forest type map ping, change detection, forest succession monitoring, stand's structure and physiolo gical parameters and forest productivity as sessment can be highlighted as some of the major applications, many of which are not known in Iran yet. Further information on the basic potential applications of satellite imagery in forest assessments can be found in the available literature (Danson 1987 , Greegor 1986 , Hopkins et al. 1988 , Billings ley 1984 , Lillesand & Kiefer 2000 .
The aim of this paper is to build up a basic assumption of when and how the spectral, spatial and temporal features of satelliteborne remote sensing have been applied to ward sustainable resource monitoring over Caspian forests of Iran. To this end, the available literature will be reviewed, the spe cific perspectives of the studies will be briefly discussed, and future prospects to ward the delineation of Caspian forest's structural and functional characteristics by remote sensing will be outlined.
The applications of satellite image processing in Caspian forests of Iran: a review
Forest monitoring mainly focuses on de tecting and estimating the land conversion rate and more recently, on assessing carbon stocks in the forest ecosystems (Desclee et al. 2006) . In fact, the spatial and spectral fea tures of the images acquired by different sensors nowadays advocate several advan tages to natural resource managers and aca demic researchers in order to classify, moni 
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tor, and manage natural ecosystems. As briefly outlined above, the specific natural characteristics (i.e., occurrence of various temperate forest cover types, canopy densi ties, and physiographic-induced microcli mates) and human induced features (e.g., the destructive effects of local/regional develop ment plans, extensive land use conversion, population overgrowth and its associated so cio economic problems) of the northern Ira nian forest sites, together with the obvious lack of financial/human resources for effi cient land monitoring in the last decades, gradually induced official and private envi ronmental analysts to effectively make use of up-to-date and repetitive remotely sensed data in a number of forest management prac tices. Nevertheless, existing literature shows that the applications have been mainly fo cused on a set of definite image analysis methods. They can be generally categorized as: 1. mapping forest attributes using image classification; 2. land use/forest change detection; 3. delineation of structural forest attributes by image analysis. Thus, the recorded literature will be re viewed as follows.
Mapping forest attributes using image classification

Forest area assessment
Satellite image classification has always been one of the most regular applications of remotely sensed data. In image classifica tion, pixels are classified according to their ground reflectance values measured by a satellite/air-borne sensor. The desired map is created by displaying the classified pixels in their appropriate geographic context (Iverson et al. 1989 , Lillesand & Kiefer 2000 . The magnitude of image classification for forest mapping has also been pointed out by Beau bien (1979) . In Iran, image classification (in either unsupervised or supervised forms) has historically been one of the widespread and common methods of information extraction from remotely sensed data. One of the main scopes of work of the Iranian Forests, Ran gelands and Watershed Organization (here after called FRWO) is "…producing various thematic maps using satellite data analysis and GIS" (Fig. 2) .
In 1984, a joint research project was con ducted between the University of Tehran and the Ministry of Agriculture with the objec tive of investigating Landsat MSS data ca pability for forest area assessment and change detection in Northern Iran (Anonym ous 1984). The square and linear transect methods were applied to estimate the fores ted area's portion from 1:20 000 aerial pho tographs, which was then used for a final change detection process using image diffe rencing method (Watanabe & Hatamura 1981) . The application of visual/digital image interpretation aided by field-based an cillary information in land use mapping, was later highlighted in another project carried out around Guilan and Mazandaran provin ces by the Ministry of Agriculture (Anonym ous 1994). The visual interpretation of re motely sensed data according to previouslydefined land use units, aided by ancillary in formation (e.g., land suitability and forest cover-type maps etc.), aided by digital image processing for generation of land use maps were the main steps of the project.
Eighteen years later, Partovi & Talouri (2002) , assessed the Density Slicing carried out on NDVI data as "the most appropriate method of land use stratification" in a survey conducted on a provincial scale in Guilan (western Caspian Range - Partovi & Talouri 2002) . In the study, the vegetation was clas sified into 6 classes including dense forests, semi-dense and degraded forests, cultivated lands, bare lands, surface water and urban areas, in which the most areas are covered by semi-dense forest, bare lands, and urban areas, in sequence.
Ramtin nia (1997) conducted an experi ment in Nowshahr, Mazandaran, for classi fication of forest cover type. The image clas sification was done using threefold super vised classification including Maximum Likelihood (ML), Minimum Distance to Mean (MD), and Parallelepiped (PPD) and Density Slicing schemes, in which the best image channels to be applied were a threeband combination for supervised classifica tion (TM 5.4.3, TM4 and TM7 and TM3 for forest cover extraction by density slicing). The classified data was cross-validated to the ground reference and resulted in the best ac curacy results for PPD scheme (96%). The author thus evaluated the appropriate TM data potentiality for forest area mapping in the mountainous study site in Northern Iran. The results confirmed those obtained by Shataee (1996) who had earlier reported the TM data potential for forest mapping in a portion of plateau forests in western Mazan daran.
As an experiment in the central part of the Caspian forest range, Hosseini et al. (2004) evaluated Landsat ETM+ data for land use mapping in forested areas of ChamestanMazandran. Unsupervised (clustering) and supervised (ML, MD, PPD) classifications methods along with hierarchical hybrid method were applied to the data. The results showed that image contrast enhancement; linear PCA and Tasseled cap transformations have effective roles in land use stratification. The best accuracy result for supervised clas sification was achieved by ML classifier, with the overall accuracy and Kappa coeffi cient of 85.83% and 62.81% respectively. However, hierarchical classification (Majani 2002 , Ramtin nia 1997 achieved better res ults (94% and 84.89% respectively). Mirakhorlo (2003) defined the study of land use mapping over northern forests of Iran as "to increase the accuracy of informa tion for multidisciplinary decision making various environmental factors". He used Landsat ETM+ data for the survey. On ac count of the fact that ETM+ 3 and 4 bands are useful for vegetation stratification, the ETM+ (3, 4, 5) band combination was con sidered for the unsupervised classification. In field observations, 450 forest sites inclu ding 3860 field samples were recorded. After an extensive data processing, a forest land use/land cover map featuring 6 classes was prepared. The accuracy of the six fold land use classification was assessed to be 83%,
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Poorzady 78%, 54%, 46%, 79%, and 98%, respect ively.
Due to the importance of the sparse tem perate forest patches located in the southern temperate forest boundaries in northern Iran, a classification-based study was carried out by FRWO in Shahroud-Semnan province (Anonymous 1995) . The supervised classi fication was followed by ground controls to document the final land use map of the area. This method (image classification aided by extensive ground controls) was later carried out again by FRWO in its further RS-based forest monitoring projects (Anonymous 1996 , Anonymous 1997 , Anonymous 2002 . Un fortunately, no comprehensive reports con taining precise quantitative results have been published as the output of the above projects. They also applied the use of aerial orthophotographs in land use mapping of coastal areas of northern Iran (Anonymous 1996) , quantitative/qualitative forest assessment us ing a set of medium resolution imagery in cluding ETM+, SPOT5, and IRS-1C (An onymous 2004) and 1:250 000 vegetation mapping of the entire country using Land sat5 data .
In 1994 and 1995, the northern forests of Iran were captured by the B/W aerial photo graphs. The yielded forest maps were pu blished in 2001, to 1:25 000 scales. The northwestern parts (including Astara, in western Guilan) were not photographed due to Iran-Azerbaijan international border se curity issues, and are therefore not included in the maps. To cover the missing area, a study was defined using satellite-derived im ages (the data such as IRS-1C Pan associated with 5.8 m of spatial resolution) for produ cing a 1:25 000 scale forest map for such areas (Majani 2002) . The ground reference data was prepared for over 10% of the total study area across the forest and non-forest borderline image classification using Density Slicing, ML, and digital/optical hybrid me thods. Based on the results achieved in the study, the highest overall accuracy and Kappa coefficient achieved by the hybrid classification, were 76.8% and 52%, respec tively. The author pointed out the similarity in the spectral signatures of low-density forest with non-forest vegetation (e.g., range lands and orchards) as the major source of classification errors which can reduce accu racy (particularly in statistical classification methods such as ML). He proposed the in tegration of other user-defined parameters in classification processes to attain better accu racy results. Najjarlou & Shataee (2006) studied a por tion of IRS-LISSIII multi-spectral data (with a spatial resolution of 23.5 m) and "pan" ac quired from western Golestan province (east ern part of the Caspian forest zone), aiming to provide an accurate forest area map across the region. Supervised classification was car ried out using ML algorithm. A 100%-in tensity ground reference layer was developed with the interpretation of digital ortho-photo mosaic of the area. An accuracy assessment revealed an overall accuracy of 91% (the cloud cover class was masked). The author thus stated that "since aerial photography of forested areas in Iran is accomplished with large time intervals, the spectrally/spatially fused IRS data can be applied for forest area mapping and monitoring in northern forests of Iran".
The application of multi-date satellite imagery in forest classification has been dis cussed by Ghazanfari (1996) as "the pheno logical difference between different forest types can be used as a discriminative means for forest classification". A study conducted one decade later by Poorshakouri (2006) to separate the northern borderline of Caspian forests in eastern Guilan, using SPOT-HRG and ASTER data. The forest/orchard classi fication was done using mono-temporal and multi-temporal images applying hierarchical and digital/optical image interpretation tech niques. Ground reference data was prepared by GPS survey across the forest and nonforest border. The hierarchical image inter pretation achieved the best results for overall accuracy and Kappa coefficient, with 83.3% and 71%, respectively. As stated by Pour shakoori, the establishment of small conifer stands, deciduous orchards, cultivated fields, and the shadows created by different shading situations, form the major sources of classi fication errors, though some problems were solved by applying hierarchical and digital/ optical image analysis. The results showed that forest and non-forest borderline can be accurately separated using multi-temporal remotely sensed data.
Forest cover type/canopy density map ping
Preparing forest cover type maps using spectral/spatial features of remotely sensed data is considered a prerequisite for investi gating biodiversity changes in forested areas, and the application of digital remotely sensed imagery for the purpose has exhibited great potential in recent decades. A variety of empirical approaches have been used to discriminate and map forest cover types using digital remote sensing imagery on dif ferent local and regional scales worldwide.
In the 80's, which can be referred to as the early days of satellite remote sensing analy sis in Iran, Oladi (1988) made an attempt to stratify some land cover types of forested areas based on Landsat MSS spectral pixel values. In the survey, the land cover classes including dense forests, high-altitude forest and rangelands, medium-altitude forest and rangelands, rock outcrops featuring low ran geland/scrubland cover, plateaus, and poorvegetated areas, were separated based on spectral DN's, field surveys and user prefe rences.
Study of the dispersal and composition of plant communities in environmentally-pro tected areas (e.g., national parks), for the purpose of producing vegetation maps, can be considered as a tool for other scientific studies in the realm of appropriate planning for the utilization, conservation, and rehabi litation of natural ecosystems. With this ob jective, Shirian (1997) tested TM data for the vegetation mapping of Golestan National Park in the eastern part of the Caspian eco system. The image was classified using the unsupervised scheme, along with slope, as pect, and elevation maps, to sample the study site. Cover type dominance was modelled in GIS to assess the accuracy of the separated cover types. Artemisia spp. was found to be the area's dominant species; in addition, the probability of the species' occurrence across the area was calculated. The results showed a high correlation between the probability of occurrence, site suitability and classified im age for the extracted cover types. The study states that developing these models for ve getation mapping requires lesser fieldwork. TM image analysis was also assessed as sui table for classification of forest type and for mapping major forest cover type across an area.
In an early attempt for forest type classifi cation using remotely sensed data in Iran, Ghazanfari (1996) applied Landsat TM data for forest type stratification in the Eastern Caspian range in Mazandaran Province. To this end, the unsupervised classification ap plied to the image resulted in 15 spectral classes attributed to 4 major cover types. The author concluded that the correlation between NDVI spectral values and different forest attributes (e.g., canopy density and volume per ha) can be investigated for re gression assessment, among the factors. This provides the potential for evaluating the forest density/volume, by the analysing ve getation indices (e.g., NDVI -Ghazanfari 1996) However, Ramtin nia (1997) acknow ledged that Landsat TM data were insuffi cient for forest type mapping within his study area in western Mazandaran, due to the low separability of the cover type classes as judged by the spectral separability measures (i.e., Bhattacharya distance).
An evolution of forest type mapping using medium-resolution Landsat data in northern country was presented by Abbasi (2001) , who evaluated ETM+ data to identify the Fagus orientalis plant community as one of the most valuable forest communities in northern Iran in terms of biological and eco nomic value; in a mountainous area of an ex perimental forest located in the Central Caspian Range (Nowshahr -Abbasi 2001). To test the accuracy of classified data, ground truth was prepared using a transect sampling OF almost 42% of the site area (approx. 338.6 ha). The Fagus orientalis types were recognized by qualitative canopy cover assessment of the over-story. Various hard classifiers (ML, PPD, and MD) were implemented on the dataset. Accuracy as sessment showed that the maximum overall accuracy and Kappa coefficient was achieved applying ML classifier on ETM+(7), Tasseled Cap brightness, ETM+(4)/ETM(3+2), Tasseled Cap green ness, PC1 (from ETM1-5 and 7 bands) as the dataset. The final results conveyed that nonFagus type vegetation was generally better classified. Thus, ETM+ data was judged to be spectrally and spatially inappropriate for Fagus orientalis mapping in northern Iran. The view supported the conclusions of ear lier studies, as mentioned above, in terms of forest type classification in the region.
In one of the most comprehensive studies for forest type mapping in northern Iran, Shataee (2003) applied Landsat ETM+ data in a comparative pixel/object based frame work for forest type stratification. The ground truth information was prepared by a field survey using one-ha field plots in which the diameter at breast height (DBH) of all the trees in the field plot was recorded, along with their physiographical attributes. Based on the measurements, two different forest type maps featuring 7 cover types were pre pared and applied as the ground truth. The classification was done using pixel and ob ject based methods, integrating the ancillary spatial data along with the spectral data. The results of analysis showed that the separabi lity rate amongst pure/mixed Fagus orienta lis-Carpinus betulus is low. Therefore, the final classification was carried out using 5 major merged classes. Based upon the re sults, the best overall accuracy and Kappa coefficient reached 55.63% and 31.45%, re spectively. As the physiographic attributes (i.e., altitude and aspect) are effective in the spatial distribution of some cover types, they were used as the non-spectral ancillary data for the classification process. The results showed that while utilizing the altitude's pri or probability can individually cause for an increase in overall accuracy, applying the as pects prior probability did not improve the overall accuracy. However, the combined altitude/aspect's prior probabilities improved the overall accuracy and Kappa coefficient up to 60.87% and 41.22%, respectively. In addition, object based classification, using knn, fuzzy membership functions and a com bination of both methods, was conducted on the data. The results indicated that integra tion of the nearest neighbor with fuzzy mem bership functions can improve the results more than both techniques individually, with accuracy results of 60.77% and 44.4%, in se quence (Shataee 2003) . Hence, it was con cluded that object based method outper formed the pixel based method in terms of forest type classification without ancillary data (Shao et al. 1996 , Shataee 1996 . The superiority of object-oriented image pro cessing over the conventional pixel-based methods has been discussed by Farzaneh (2007) in a recently completed research pro ject in Mazandaran.
In consideration of the existing variations in vegetation communities in different geo graphical areas of the Caspian forests, an at tempt in forest type/density mapping in the Eastern part of the Caspian ecosystems in Golestan province by Shahbabaei (2004) in vestigated the capability of ETM+ data for forest type and density mapping in an experi mental forest (Shahbabaei 2004 ).The ground reference data was prepared using systematic randomized sampling, measuring DBH and average canopy percentage inside the field plots. The data was classified using ML, MD, and PPD algorithms, amongst them ML classifier achieved the best results with 75% and 66% of overall accuracy and Kappa coefficient for forest type mapping; and 64% and 54% of the measures for forest density mapping. In addition, the results obtained from separability measures showed that Fagus orientalis-Carpinus betulus and mixed Fagus orientalis cover type classes could not be distinguished accurately, which supports the results obtained earlier by Shataee (2003) . Nevertheless, the author's conclusions in terms of forest density map ping was strongly in contrast with the results of Mirakhorlo (2004) , who reported the aver age overall accuracy of 85.43% following a ML classification of forest density (featuring 4 density classes) using ETM+ data in the western part of the Caspian Range. The di vergence can mainly be attributed to the dif ference between the criteria used to define the forest density classes (one yielded as the precise average of total basal area measure ment, and the other based on qualitative ca nopy measurement).
Among the multitude of forest density mapping of the Caspian forests, a study based on fourfold biophysical indices con ducted by Moeinazad (2006) can also be pointed out. He applied a model (namely FCD) based on the spectral indices including Vegetation Index (VI), Shadow Index (SI), Thermal Index (TI), and Bare soil Index (BI) in a process toward generation of a forest density map (Moshtagh Kahnamuii & Rasaneh 1990) . The model-induced map was then cross-validated with the ground refe rence prepared by the visual interpretation of aerial photos. The maximum overall accu racy and Kappa coefficient were achieved using the 5-class FCD map (61% and 0.38% respectively). The study points out that the model is capable of high density classifica tion, while it is unsuitable for the low-den sity classes in northern Iran.
Forest canopy density is a major factor in evaluation of forest status and is an impor tant indicator of possible management inter ventions. Forest canopy cover, also known as canopy coverage or crown cover, is defined as the proportion of the forest floor covered by the vertical projection of the tree crowns. Estimation of forest canopy cover has recently become an important part of forest inventories. Using satellite imagery to estimate crown coverage has a long history. Conventional remote sensing methods assess the forest status based on qualitative data analysis derived from "training areas". This has certain disadvantages in terms of time and cost requirements for training area esta blishment. Forest Canopy Density Model is one of the useful methods to detect and es timate the canopy density over large area in a time and cost effective manner. This model is based on four indices, i.e., soil, shadow, thermal and vegetation. This model requires very less ground truths, just for accuracy check. In this study have tested the FCD model by using IRS image in an old growth forest of north forest division of Iran. The overall accuracy for IRS image was 84.4% and Kappa coefficient was 78.3% (Azizi et al. 2008) .
As is evident from the literature review, studies have almost uninanimously empha sized on the intermediate/ poor capabilities of commercial medium resolution data (par ticularly Landsat-derived data) for forest type mapping in low and moderate altitudes of northern forests of Iran. According to Franklin (2001) , the vegetative forms (i.e., trees, shrubs, etc.) can be used as a criterion for vegetation (especially forest) stratifica tion using remotely sensed data.
Land use/forest change detection
Digital change detection essentially com prises quantification of temporal phenomena from multi-date imagery that is most com monly acquired from satellite-based multispectral sensors (Danson 1987) . So far, satel lite remote sensing has been widely used to detect forest change and update existing forest maps. According to Desclee et al. (2006) , many change detection techniques have been developed since the early days of earth observation, broadly grouped into three categories: (1) visual interpretation, (2) pixel-based and (3) object-based methods. Iranian environmental analysts appear to be unfamiliar with all the available change de tection methods and have remained confined to a selected few. For example, few attempts have been made so far to analyse forest co ver change based on remotely sensed data in northern Iran. The focus is mainly on a method of pixel-based change detection (Post-Classification method).
In the mid 80's, the Ministry of Agriculture In a study conducted later in eastern Guilan, the correlation between the rate of deforestation and topographic factors inclu ding slope, aspect, elevation, and human in duced factors (i.e., distance from villages or public roads), Pir Bavaghar (2004) demon strated that a converse relationship exists between deforestation and slope, distance from villages, and public roads.
Amongst other studies, Haghighi (2004) applied a post-classification method to es timate the forest area changes in Guilan. The overall accuracies of the Maximum Likeli hood classification on 1991 and 2000 TM/ETM+ images were 68% and 62%, re spectively. In addition, the rate of deforesta tion across the area was estimated at 1 441 ha during a 9-year period.
According to Hosseinpour et al. (2004) , "using multi-temporal satellite imagery, the forest degradation trend can be effectively investigated". Moreover, the resource chan ges can be modelled and simulated using GIS for proposing appropriate solutions to ward controlling the destructive factors". To this end, the author classified the multi-tem poral Landsat data, simulated the land use change, and explored forest degradation sources following extensive field visits in eastern Mazandaran. The author concluded that forest degradation sources across the area include illegal logging, fuel wood ex traction by the locals, extension of the culti vating lands, occurrence of several floods within the river bodies, and irregular nature based tourism in summer.
In another study, Rafiian et al. (2006) ap plied two Landsat TM and ETM+ scenes be longing to 1994 and 2001, respectively. Maximum Likelihood classification aided by visual image interpretation scheme was car ried out on both images, resulting in a final change map with 96% overall accuracy and 0.92% Kappa coefficient. They recommen ded this method for forest area change detec tion, across a broad range of the northern forests of Iran.
In a change detection experiment of the timberline fields of Caspian forests, Mirak horlo (2007) detected forest-rangeland boun dary changes over a 15-year time span, by identifying land use types in Landsat images. The information derived from the final change maps showed that 121 528 ha of mountainous lands has been deforested du ring the period, with average annual defo restation rate of 8 101 ha.
Adding up the deforested areas in the three above-mentioned studies showed that 0.22%, 0.47% and 0.67% of the total northern forest lands have been degraded at the timberline level annually, of which the maximum rate of degradation was observed in Golestan province, and the minimum in Guilan pro vince.
Delineation of structural forest attributes using image analysis
Satellite data have been widely used with varying degrees of success to quantify spa tially forest structure characteristics such as crown cover, tree density, tree diameter, bas al area, tree height, tree age, biomass, and Leaf Area Index (LAI). In general, the tech nique involves collecting spatially-refe renced ground data on the forest structure variable of interest and then to determining the statistical relationship between the ground-obtained data and the spectral data for the same location (Iverson et al. 1989) . Hosseini (2000) has proposed the use of satellite data and aerial photography to in vestigate harvest-related forestry practices. As a case study, he tested the capability of TM data to detect harvesting areas, including cutting areas, forest roads and skid trails, aided by TM individual bands and false col our composites in western Guilan. The results showed that using a correlation between the harvest area existing on digi tized aerial photos and topographic maps, the mentioned areas can be determined accu rately on the images. The results also showed that discriminating harvested areas using visual interpretation can be better ac complished on visible TM bands than its in frared bands. However, the gaps resulting from shelter wood cuts, which are one of the main methods of forest harvesting in Iran, featuring area of 1-2 ha was not recognizable using available TM bands.
On account of their vital role in terms of both area coverage and mix, the possibility of separating different mixtures of Fagus orientalis and Carpinus betulus stands, based on their spectral reflections was stu died by Bakhshandeh & Oladi (2004) using Landsat ETM+ digital imagery. Ground sample plots were selected using a cluster sampling in four mixture levels of the spe cies (based on the species percentage and the DNs were extracted from the image. Stati stical analysis of this study showed the su periority of ETM+ band in separating diffe rent mixtures of all the fourfold groups. ETM+ band 5 was found to be capable of separating pure stands of Fagus orientalis and all of the two species mixtures, except the one comprising 80% Fagus orientalis, 20% Carpinus betulus. Nevertheless, other mixtures seemed to be inseparable from each other. The results of this study were rela tively satisfying, in terms of the ability of ETM+ imagery to separate mixtures of Fagus orientalis and Carpinus betulus in northern Iran.
In order to investigate ETM+ data for tree volume assessment in Fagus orientalis stands, a study was carried out in south-east ern Mazandaran (Khorrami 2004) . The ground survey was conducted using sele ctively-sampled plots from pure Fagus orientalis stands, located on the northern slopes, which are its original habitat using an average volume of 68-80 m 3 ha -1
. The stan ding volume was calculated using local tariff figures. Using a ground reference map, the corresponding DNs were extracted from the image. The extracted DN and the standing volume were used to develop a regression in which the data extracted from ETM+ (4) and Pan-fused ETM+ (4) represented the highest correlation with the standing volume. The multivariate linear regression using ETM+ 7, 2, 4, and 5 bands, Tasseled Cap greenness, ETM+ (3)/ETM+ (4) ratio and Pan-fused ETM+ (4) showed that the two latter chan nels are the most appropriate spectral data for standing volume assessment, using the implemented method. Thus, the PCA of the bands was entered in the analysis. The au thor, however, subsequently acknowledged that "complementary studies (e.g., using either ETM+ or other satellite-borne data) can be proposed for the other mixed/pure forest site to develop such regressions".
Discussion
The spatial and spectral features of images acquired by different sensors nowadays, ad vocate several advantages to natural resource managers and academic researchers for the classification, monitoring, and management of natural ecosystems. Countries with large land areas require cost effective monitoring of their inland ecosystems for sustainable management of natural resources (Fraser et al. 2005) .
Some of the basic requirements for a suc cessful remote sensing-aided natural re source monitoring may be listed briefly as follows:
• availability of required digital data sources (i.e., imagery, maps, and any other forms of data);
• collecting up-to-date and precise informa tion exhibiting the field's actual baseline; • applying the image processing methodo logy, with respect to the specific characte ristics of the study area; • producing accurate and useful outputs (e.g., maps and statistics).
The majority of studies carried out so far on northern Iranian forest sites have faced severe constraints in terms of purchasing the required digital data. As is evident, most of the studies mentioned above have used Landsat-derived (MSS, TM, and ETM+) image data for the studies, which are in many cases not appropriate for the predefined study goals, such as extracting forest cover type maps in mixed temperate forests using pixel-based hard classifiers, and deri ving forest/non forest land use maps over the areas associated with heterogeneous land cover boundaries. As a result, the accuracy and therefore the reliability of the maps pro duced with pixel-based or statistical signal processing techniques in such areas can be sometimes violated, as the heterogeneity of different land cover types (which occur either within the cover types or between co ver type borders) increases. Moreover, the large rate of background reflectance in the areas such as forest/rangeland timberlines (reflected by non-vegetative objects like soil, rock outcrops, or atmospheric effects) some times can prevent the image analyst from fully exploiting the image spectral capabili ties in order to discriminate between cover types (defined by the user as different forest types, density classes, or forest/non-forest land use classes) and produce operationally representative maps.
For change detection studies, Coppin & Bauer (1996) state that anniversary dates or anniversary windows (annual cycles or mul tiples thereof) are often used because they minimize discrepancies in reflectance caused by seasonal vegetation fluxes and sun angle differences. Hame (1988) concluded that for change detection, summer and winter are the best seasons because of their phonology sta bility. The afore-mentioned change detection surveys have mostly conformed this view.
In terms of ground reference data collec tion, the accepted perspective is that "the more comprehensive the ground data collec tion is, the more correct will be the accuracy assessment process". However, the shortage of analogue/digital reference data sources in Iran has been a limitation for the accom plished studies. The 1:50 000 tally sheets (produced by the Iranian National Geogra phic Organization), the 1:25 000 scale topo graphic maps (distributed by the National Cartographic Centre), and the B/W aerial photographs acquired in the mid 50's, 60's and 90's all across the country are the main available data sources which could be uti lized for generating the ground-based in formation needed for the analysis. Apart from these, the authors have mainly been limited to conducting statistical sampling surveys of the study areas in order to collect the required information on the actual land's condition, for which using at least a 2% in tensity ground reference sampling has been proposed (Fallah Shamsi 1997) . The lack of a geo-referenced natural resource data bank for the country, which FRWO aims to build up in the upcoming years, is a serious limita tion in change detection studies, where the ground reference information of multi-date time spans are often necessary for the ana lyst.
The application of various image analysis methods based on spectral features of pixels (known as pixel-based methods) has been tested, suggested, and applied by many en vironmental analysts and natural resource managers for decades. Nevertheless, pixel based methods have shown to be sometimes inappropriate tools for correctly extracting forest cover attributes from remotely sensed data, mainly due to the above-mentioned site heterogeneity. On the contrary, object oriented image analysis, which has been used in recent years, has proved to be an ex cellent method for image processing and ex tracting information in various forest envi ronments. Some of the advantages of imple menting object based image processing tech niques, pointed out by various studies are ex cellent capabilities for automatic/semi-auto matic image segmentation, compatibility with knowledge-based information applied by the analyst, potential integration with fuzzy logic in class allocation, and potential for high accuracy output map production (Benz et al. 2004 ). In Iran, Shataee et al. (2004) and Farzaneh (2007) have recently advocated the application of object-based image analysis for forest cover monitoring. In addition, the integration of optical/radar remote sensing data in some operational practices (e.g., forest disturbance/fire map ping) can be rewarding, provided that the needed data sources, i.e., satellite-borne data, fine-scale informative maps, and required software/hardware facilities are available.
The future prospects
The application of satellite imagery for ef fective management of the northern Forests of Iran, has exhibited promise throughout its application; from applying visual image in terpretation in the early 80's, to the applica tion of biophysical density modelling and object-oriented image analysis in the recent decade. The efficient use the satellite image processing techniques, together with exten sive forestry expert knowledge for genera ting a potential remote sensing-aided frame work for forest assessment of the northern forests, which have long been an essential source of environmental values across the re gion, appears to be of even more signifi cance today.
Owing to the extensive degradation of nat ural resources, caused by population overgrowth, extensive land use conversion, and irregular urbanism, which is destroying the unique northern forest ecosystems rapidly, it is expected that different sections involved in environmental management in Iran will increasingly advocate application of shortterm remote sensing analysis (e.g., the data associated with regional spatial scale) for ef fective resource monitoring across the re gion.
As most of the reviewed studies proposed, the need for getting access to a diverse range of remote sensing data is a necessary step to be taken in the future. To this end, a range of fine-scale satellite data (e.g., high resolution satellite imagery) featuring high spatial, spectral, and temporal capabilities can be collected for the national data archives, ready to be used for the research purpose. The completion of the national geo-refe renced database for the natural resources of Iran (as stated by FRWO) will be an effec tive tool for the national natural resource management body for proper natural re source monitoring. This can be more satisfy ing if the official management makes avai lable the data and statistics for educational/ research projects, to both research institutes and academic sections, which have long suffered shortage of financial resources needed for such projects.
As the theoretical and applied knowledge of remote sensing improves amongst Iranian analysts, new image analysing methods and study subjects are anticipated to be applied in the future, among which the application of object-based image processing techniques, change detection algorithms apart from post classification routines (e.g., change vector analysis, multi-temporal linear transforma tions, image ratio-ing, etc.), the study of forest succession, assessment of stand's physiological parameters (e.g., photosyn thesis, evapo-transpiration, and leaf area in dex), and the integration of optical/radar data may be highlighted. Abbasi M (2001 
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